**Specifications Table**TableSubject areaEnvironmental ChemistryMore specific subject areaAdsorptionType of dataTable, image and figureHow data was acquired--Design experiments were carried out using Central Composite Design (CCD) and adsorption tests were done in batch mode. The parameters were evaluated using RSM.--The concentrations of Reactive Red 198 in the samples were measured using a UV-visible spectrophotometer (HACH, USA, model DR6000) set at a wavelength 518 nm.--The characteristics of the nanoparticles were analyzed using SEM (Tuscan Mira 3 LMU) and XRD (Philips X'Pert, Netherlands).Data formatAnalyzedExperimental factorsThe data of effects of main experimental parameters including contact time, initial dye concentration, adsorbent dosage and solution pH were acquired.Experimental featuresThe objective of this research were to i) prepare Preparation of Fe~3~O~4~ nanoparticles using chemical co-precipitation and ii) to study the Reactive Red 198 adsorption onto the Fe~3~O~4~ nanoparticles. iii) Optimization of Reactive Red 198 adsorption onto Fe~3~O~4~ nanoparticles adsorbent using RSMData source locationTehran University of Medical Sciences, Tehran, IranData accessibilityData are available in the paper

**Value of the data**•The dataset will be useful for the application of the produced Fe~3~O~4~ nanoparticles in the removal of Reactive Red 198 dye from water and wastewater.•This data offers a simple and environmentally friendly method for preparation of adsorbent from Fe~3~O~4~ nanoparticles.•This data article presents a user central composite design (CCD) combined with response surface methodology (RSM) to optimize Reactive Red 198 removal from aqueous solution using adsorption process.

1. Data {#s0005}
=======

This dataset contains 3 Figures and 4 Tables. The XRD analysis of Fe~3~O~4~ nanoparticles is shown in [Fig. 1](#f0005){ref-type="fig"}. The SEM image of the prepared adsorbent is also illustrated in [Fig. 2](#f0010){ref-type="fig"}.Fig. 1The XRD images Fe~3~O~4~ nanoparticles synthesized used adsorbent in the RR198 adsorption.Fig. 1Fig. 2The SEM images Fe~3~O~4~ nanoparticles synthesized used adsorbent in the RR198 adsorption.Fig. 2

Structure and characteristics of a Reactive Red 198 (RR198) dye are seen in [Table 1](#t0005){ref-type="table"}. The design matrix for the central composite designs (CCD) is listed in [Table 2](#t0010){ref-type="table"}, [Table 3](#t0015){ref-type="table"}.Table 1Structure and characteristics of RR198.Table 1Image 1CAS number18221Type of dyeAzoChemical FormulaC~27~H~18~C~l~N~7~Na~4~O~15~S~5~Molecular weight (g mol^-1^)967.5Maximum wavelength (λ~max~), nm518Molecular Structure![](fx1.gif)Table 2Design matrix for the central composite designs.Table 2**FactorsLowCentralHigh**pH357Time (min)305070Concentration of dye (mg/L)100150200Adsorbent dosage (g/L)0.250.370.5Table 3Design matrix for the CCD.Table 3**RunpHTime (min)Concentration of dye (mg/L)Adsorbent dosage (g/L)Efficiency (%)**17702000.58627702000.257637302000.257247301000.257857701000.58167701000.258177301000.58887302000.58395501500.3777105501500.3777115501500.3777129501500.3772139501500.3772143701000.576153302000.568163702000.571173302000.2558183701000.2566193702000.2561203301000.2563213301000.573225501500.3777235501500.3777245501500.377725550500.3782265501500.6277275901500.3777285502500.3772295501500.3767305101500.3770311501500.3752321501500.3751335501500.3777345501500.3777355501500.3777

The data for Analysis of variance (ANOVA) for second order model in the removal of RR198 show in [Table 4](#t0020){ref-type="table"}. Central composite design 3-D surface plots which showing the effect of various parameters on RR198 removal efficiency with the adsorbent of Fe~3~O~4~ nanoparticles are presented in [Fig. 3](#f0015){ref-type="fig"}.Table 4Analysis of variance (ANOVA) for second order model in the removal of RR198.Table 4Fixed EffectsTermError*Fp*-valueSourcedfdfProb\>*F*Whole-plot26.0771.77\<0.0001Significanta-pH15.8377.060.0001a\^216.3466.490.0001Subplot1214.4212.73\<0.0001SignificantB-Dose adsorbate116.5896.20\<0.0001C-Dye Con116.5830.22\<0.0001D-Time116.589.770.0063aB116.581.410.2515aC116.581.410.2515aD116.581.410.2515BC116.582.110.1651BD116.582.110.1651CD116.582.110.1651B\^218.542.450.1541C\^218.540.930.3615D\^218.540.650.4423Fig. 3Central composite design 3-D surface plots showing effect of (a) pH and contact time, (b) pH and RR198 concentration, (c) pH and adsorbent dosage on Reactive Red 198 removal efficiency with the adsorbent.Fig. 3

2. Experimental design, materials and methods {#s0010}
=============================================

2.1. Materials {#s0015}
--------------

Reactive Red 198 dye powder with a purity of 99.6%, sulfuric acid, sodium hydroxide, FeCl~2~.6H~2~O, FeCl~3~.4H~2~O, ammonium hydroxide and ammonia were purchased from Merck and Sigma Aldridge companies.

2.2. Preparation Fe~3~O~4~ nanoparticles {#s0020}
----------------------------------------

Magnetic nanoparticles were prepared by chemical co-precipitation method. In this method, 16 mmol of FeCl~2~·6H~2~O and mmol 8 of FeCl~3~·4H~2~O with a stoichiometric ratio of 1 to 2 of Fe^2+^ and Fe^3+^ were mixed and in 200 ml of deionized water dissolved. The solution was then completely agitated at ambient temperature using a magnetic stirrer. Under these conditions, 10 ml of 25% ammonia was slowly added to the resulting solution, followed by a black colored sediment at the bottom of the container was formed. This precipitate indicates the presence of magnetic iron nanoparticles. After 10 min, stirring continuously to remove ammonia from the reaction medium, the iron nanoparticles were collected at the end of the container by placing the magnet under the reaction vessel, then the supernatant was removed and the precipitate was washed three times with ionizing water [@bib1], [@bib2], [@bib3], [@bib4], [@bib5]. Finally, the characteristics of magnetic nanoparticles were determined by scanning electron microscopy (SEM) and X-ray diffraction (XRD).

2.3. Design of experiments {#s0025}
--------------------------

The pH of the solutions was adjusted prior to the adsorption by using 0.1 M solutions of HCl and NaOH and measured using a pH meter (Sense Ion 378, Hack) [@bib6], [@bib7], [@bib8], [@bib9], [@bib10]. In this study, Design Expert 7.0.1 software was used to determine the number of experiments, values, and range of variables. The effects of operational parameters including pH (3--7), contact time (30--70 min), RR198 initial concentration (100--200 mg/L) and adsorbent dosage (0.25--0.5 g/L) on the amount of RR198 adsorbed onto the Fe~3~O~4~ nanoparticles were assessed and optimized by central composite design (CCD) combined with response surface methodology (RSM) was used to identify the optimum conditions for maximum removal of Reactive Red 198 dye [@bib11], [@bib12], [@bib13]. The data were analyzed by the statistical method (ANOVA).

The removal efficiency, RE, (%) and equilibrium adsorption capacity, q~e~, (mg g^−1^) were calculated as follows [@bib13]:$$\mathit{RE} = \frac{(C_{i} - C_{t})}{C_{i}}{\times 100}$$where *C~i~*, *C*~*e*,~ and *C~t~* are the initial, equilibrium and at time t of RR198 concentrations (mg/L), respectively.

After statistical analysis, the proposed model was presented as a second order equation in terms of actual parameters by software. This mathematical equation shows the adsorption rate of Reactive Red 198 dye by the adsorption process as a function of the amount of different operating parameters:$$\begin{array}{l}
{F{removal}\left( \% \right): 29.86979 + \left( {12.59375 \times \text{pH}} \right) + \left( {0.074833 \times \text{Adsorbent}\text{dose}} \right)} \\
{–\left( {0.20625 \times \text{Dye}\text{Con}} \right) + \left( {0.22448 \times \text{Time}} \right)} \\
\end{array}$$
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